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This invention relates to elcclrical signalling systems, 
and more particularly to apparatus for identifying the 
location of a first object with respect to one or more of 10 
a plurality of second objects. The invention may be 
utilized for a variety of different purposes, a number of 
which will be mentioned below. 

lu the transportation and materials handling fields in 
general, and particularly in the efficient operation of a 15 
railroad, it often becomes desirable to have infor.mation 
such as where each train is at any time, or with what 
velocity the train is moving, or where individual railroad 
cars are located. Sometimes it is of great advantage to 
determine the location of selected goods or materials car- 20 
ried on railroad vehicles, aircraft, trucks or conveyers. 

A considerable saving may often be effected if a central 
agency is • apprised, at all times, of selected portions of 
the above inform-ation, since the railroad and trucking 
businesses involve long distances covering a large terri- 25 
torj', usually without communication equipment readily 
available. For example, scheduling of trains may be 
considerably simplified by remotely observing the density 
of traffic at crow'ded switching points. Information re- 
garding the location and identity of available railroad 30 
vehicles stored on sidings is immensely useful in deter- 
mining the type and amount of freight space available 
afany loading centers. Information on the instantaneous 
location of particular goods, such as raw materials 'or 
cattle shipped across country on separate trains or trucks, 35 
may help the recipient to forecast time of arrival so that 
necessary arrangements for unloading, storing or the like 
may be made. 

Automatic identification of air-borne aircraft, either 
manned or unmanned, may provide reliable data for 
numerous uses, among which are the assignment of opti- 
mur.': routes or automatic scheduling of incorring traffic 
by means of auxiliary computers. Also such a signal- 
ling system may be adopted to control traffic flow during 
landing and take-offs. Other uses may be envisioned 
such as the identif.cation of persons who may enter an 
authorized area. In- such applications, the signalling 
system of this invention takes the place of an identification 
-card or a key by either acting in "a preventative or per- 
missive fashioiv. 

Referring now more specifically to the railroad busi- 
ness, it has heretofore been suggested that radio links be 
established, between each engine or train and a central 
agency in order that the operators be .able to inform the gg 
'central agency of their location. 'W'hile such systems 
have been quite useful, their effectiveness has been limited 
by the fact that each train operator must be relied upon 
always to furnish accurate information w'ith regard to the 
location of his trainr Additional, the location of se- .. 
lected special purpose equipment, such as refrigerator 
cars or heavy-duty freight cars, may require further 
radio links or teletype equipment situated proximate 10 
such coupling points and be operated by railroad yard 
personnel, since the train operator usually does not have 
the means or responsibility to keep track 'of the identity 
of the individual cars on his train. 

The need for an automatic signalling system for fur- 
nishing accurate information with regard to train or truck 
location or goods identification to a central agency has 
long been recognized, and various systems have been 
proposed. As far as is known, none have been very 
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successful, . e.xcept the system disclosed in application 
Seiial Number 715,899, filed February 18, 1958, by Clar- 
ence S. Jones for “Signalling System” and henceforth 
referred to as the “Jones System” and the syr,tein disclosed 
in application Serial No. 747,669, filed July 10, 1958, now 
Patent No. 2.910,579, by Clarence S. Jones and Gerard 
Currie for “Signalling System” and henceforth called the 
“Jones-Currie System.” Both of these applications are 
assigned to the sanie assignee as the present invention. 

The specific system disclosed in detail in application 
Serial No. 715,899 as the “Jones System” may be said 
to comprise an interrogator-responder system wherein 
one or more inteaog,itors are capable of relative motion 
with respect lo one or more responders. The interro- 
gator is ope.''ative to develop a sequence of interrogator 
signals of different f.'cqiiencies and of short time duration 
which are cyclically repeated. The responder is provided 
with a frequency selective coupling means responsive to 
selected interrogator signals from the interrogator. As 
the interrogator approaches the responder sufficiently 
close to strongly couple therewith, those of the sequence 
of interrogator signals whose frequencies correspond to 
the frequencies of the selected interrogator signals excite 
the coupling means to operate a transistorized responder 
signal oscillator which transmits a responder or return 
signal at further frequency. 

For an interrogator signal having a frequency which 
does not correspond lo one of the selected interrogator 
signals, no responder signal is furnished because the 
coupling means in the responder is not excited, and 
therefore it is unable to furnish power to the responder 
signal oscillator. A particular responder may be identi- 
fied by noting which ones of the sequence of pulsed in- 
terrogator sigrsals from the' interrogator produce a re- 
sponder signal. 

By selective use of different frequency selective cou- 
pling means in different responders, the responder signal 
oscillator will provide a different successive pulse coded 
signal from the sequence of interrogator signals for re- 
ception by a receiver associated with the interrogator. 
The successive pulse coded signal is therefore char- 
acteristic of a responder ahd may identify the same 
uniquely by reducing the successive pulse coded signal 
to the form of a binary number. The number of possible 
different frequency selective coupling means for a given 
sequence of interrogator signals determines the maximum 
number of different respend'ers which may be uniquely 
identified. As is well known to those skilled in the art, 
if p different frequeircies are successively transmitted 
by the interrogator, the maximum number .of different 
successive pulse coded signals obtainable is equal to 
2 p. Therefore 2 p different responders can be utilized 
neglecting the fact thal a responder which provides no 
resDonse signal is not really identified. 

The specific system disclosed in detail in Patent Num- 
ber 2,9 10,579 as the “Jones-Currie System” likewise com- 
prises an inteirogator-respoffider system wherein one or 
more interrogators are capable of relative motion with 
respect to one or more responders. Hov.'ever, the inter- 
rogator of the “Jones-Curefe System," instead of pro- 
viding a discontinuous sequence of interrogator signals 
of different frequencies, is operative to develop a continu- 
ous interrogator sign.al of a single frequency. The re- 
sponder of the “Joncs-Curiie System” is provided with a 
coupling means responsive to the single frequency in- 
terrogator signal, and i.ncluiies a selected plurality of 
responder oscillators, each avlopted to provide a responder 
signal of a. different freq'.tncy. As the interrogator ap- 
proaches the responders siffliciently close to strongly coUt 
pie tlicrewith, the single f.'-equency interrogator signal 
from the interrogator c-xcises the coupling means, which 
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thereupon furnishes povror to operate the selected re- 
sponder signal oscillators. Each oscillator devclopes, 
in response thereto, a responder or return signal at its 
own frequency. A particular responder may therefore 
be identified by noting the various frequencies which arc 
simultaneously developed. 

By selective use of different responder oscillators in 
different responders, each responder will provide a, simul- 
taneous pulse coded signal including a different plurality 
of selected responder signals of different frequencies for 
reception by a receiver associated with the interrogator. 
The simultaneous pulse coded signal is therefore char- 
acteristic of a responder and may identify the same 
uniquely by reducing the simultaneous pulse coded signal 
to the form of a binary digit. The number of different 
combinations of different responder signal oscillators dc- 
terniines the maximum number of different responders 
which may be uniquely identified. As is well known, 
if q different responder oscillators are available, the max- 
imum number of different simultaneously pulse coded 
signals obtainable is equal to 2% Therefore 2’' different 
responders may be utilized neglecting again the fact that 
a responder which provides no responder signal is not 
really identified. 

Both the “Jones System” and the “Jones-Currie System” 
offer extreme advantages over prior systems, in that both 
systems use purely passive responders which respond 
(provide pulse coded signals) automatically whenever 
interrogated, without being inaccurate or unreliable. Con- 
sequently numerous remote stations, locations, vehicles, 
goods, persons, etc. may be provided with responders 
without attendant provisions of electrical batteries or 
wired power sources, \^'hile passive responder means, 
such as reflectors, have heretofore been provided else- 
where, all of these of which I am aware, require precise 
physical alignment and exposed areas, and are adversely 
effected by various environmental factors. 

While both the “Jones System” and the “Jones-Currie 
System” admirably accomplish their purpose, and while 
both systems are ideally suited for a wide variety of ap- 
plications, each system has certain characteristics mak- 
ing it especially derirable for certain classes of applica- 
tions. And, while each system is ideally suited for those 
'certain classes of applications, there are still further classes 
of applications which would benefit from a modification 
of eithei wf the “Jones” or “Jones-Currie” systems. 

For example, the specific interrogator disclosed in de- 
tail in the “Jones System” develops a sequence of inter- 
rogator signals for coding purposes, each of a different 
frequency, with an additional interrogator signal of a 
further frequency for automatic gain control purposes in- 
terposed between each of the interrogator signals. If 
a large number of differently, coded responders is to be 
identified, so that the system is required to employ a 
relatively large binary number, a large number p of dif- 
ferent interrogator signals for coding purposes must be 
developed. This requirement may be troublesome when 
the system is applied to the identification of very rapidly 
moving objects or the identification cf the location of 
an object which moves rapidly vrith respect to a plurality 
of fixed locations. 

In order to allow 'the use of economical circuitry and 
still preserve the system’s- reliability, the time length of 
each interrogator signal’ niust be maintained. at or above 
a minimum Value. In the case of rapidly moving bodies, 
the interrogator transmit means and responder pick-up 
means may remain sufficiently close to one another for 
such a short time that an insufficient number of inter- 
rogator signals are coupled to the responder if each fre- 
quency is allotted its required duration.' The present in- 
vention is in some respects an improvement over the 
■ “Jones System” in that it overcomes this described limita- 
tion by interrogating with each successive interrogator 
signal a plurality of binary digits simultaneously and 
utilizing a substantially smaller number p of different 


interrogator signals in the sequence without sacrificing 
the maximr.m'nL'inber of responders which can be unique- 
ly identified. In other words, the present invention 
utilizes a smaller number of integer signals in the sequence 
5 without sacrificing the number of responders which may 
be uniquely identified. 

The specific responder disclosed in detail in the “Jones- 
Currie System” couples, to a continuous interrogator sig- 
nal of a single frequency when sufficiently close to the 
10 interrogator and consequently does not exhibit the limita- 
tion described in connection with the “Jones System” 
caused by the requirement of a large value of p. The 
time duration during which both the interrogator and 
responder are within the minimum distance necessary for 
15 strong coupling from one to the other may now be very 
short since the responder receives a continuous interroga- 
tor signal. The lack of successive interrogator signals, 
each of which requires a minimum allotment of time, 
makes the "Jones-Currie System” ideally suited for fast 
20 moving objects. 

If a large number of responders are to be uniquely 
identified in the signalling system, the "Jones-Currie Sys- 
tem” requires the employment of a large number, q, of 
response signal oscillators in many of the responders. 
25 The number must be large enough so that 2i is equal 
' to the required number of responders to be uniquely iden- 
tifiable. This requirement may be troublesome because 
each responder signal oscillator requires power at or 
above a minimum level and all responder signal oscilla- 
30 tors are powered simultan.-ously by the response actuat- 
ing signal derived from a single interrogator signal. It 
is therefore seen that the available power, at least to some 
extent, determines the maximum number q of response 
signal oscillators which may be utilized in. the “Joncs- 
35 Currie System.” The present invention is in some re- 
spects an improvement over the “Jones-Currie System” in 
that it overcomes the described limitation due to limited 
available power in that each interrogator signal will not 
power more than q responder oscillators and where q is 
40 a substantially smaller number, and often a number much 
less than q. 

In addition to the sp’ecd limitation inherent in the “Jofies 
System” due to the required minimum allotment of tiine 
of each of the successive interrogator signals and the 
power limitation inherent in the “Jones-Currie System” 
due to the required minimum power level of each of 
various responder signal oscillators, each of the signalling 
systems described has certain other advantages over the 
other. For example, the interrogator of the “Jonesr 
j.(j Currie System” is less complex than the interrogator of 
the “Jones System,” a feature which is always desirable 
from a cost and reliability viewpoint. On the other hand, 
■ the responder of the “Jones System” is less complex than 
the responder of the “Jones-Currie System” since the 
g. former is provided with only a single response oscillator. 
The present inventio.n provides a signalling systena where- 
in the ir'Crrogator is less complex than the interrogator 
of the “Jones System” and wherein the responder is less 
complex than the responder of the “Jones-Currie System” 
for a binary code output having the same number of 
digits. In fact, the present invention permits, within cer- 
tain limits, the choice of complexity of one unit at the 
expense of the other. 

It is therefore an object of this invention to provide an 
. improved signalling system for automatically identifying, 
“ locating, or numbering a plurality of objects. 

It is another object of this invention to provide an 
improved signalling system for automatically identifying, 
locating or numbering a much greater number of fast 
-Q moving objects than has her'-tofore been possible. 

It is another object of this invention to provide an 
improved signalling system in which each one of a 
sequence of interrogator signals actuates a parallel pulse 
coded response. 

75 It is another object of this invention to provide an im- 


Approved For Release 2009/04/10 : CIA-RDP81 -001 20R0001 0001 0008-8 


Approved For Release 2009/04/10 : CIA-RDP81 -001 20R0001 0001 0008-8 

';v' ;■ ' ;■/; 3,145,380. , - ■•O '- 


proved signalling system including a simplified inter- 
rogator and a simplified responder. 

It is another object of this invention to provide an 
improved signalling system wherein a simplified inter- 
rogator interrogates a responder with p successive in- 
terrogator signals of diflereni frequencies and wherein a 
simplified responder responds to each interrogator signal 
with a composite responder signal including one or more 
responder signals of different frequencies and wherein 
each interrogator signal is associated with a particular 
composite code signal. 

It is another object of this invention to provide an 
improved signalling system which is reliable in opera- 
tionj simple in design and econorrical in construction. 

Other objects of the invention will in part be obvious 
and will in part appear hereinafter. 

In accordance with one embodiment of the signalling 
system of this invention, one or more, interrogators are 
capable of relative motion with respect to one or more 
responders. The interrogator is operative to develop a 
sequence of interrogator signals of different frequencies 
and short time duration which are cyclically repeated. 
The responder is provided with a frequency selective 
coupling means including coupling elements, each of 
which is responsive to selected interrogator signals of a 
given frequency. As an interrogator and a responder 
approach one another close enough (o couple sufficiently 
with one another, those of the interrogator signals whose 
frequencies correspond to the frequencies of the selected 
interrogator signals excite responsive coupling elements. 
Each excited coupling element furnishes power to operate 
a selected plurality of responder signal oscillators, each 
cf which transmits a responder signal of a further differ- 
ent frequency. 

For an interrogator signal having a frequency which 
does not correspond to one of the selected interrogator 
signals, no responder signals are furnished because no 
coupling element is excited to furnish power, or, no 
responder signal oscillators are coupled to this particular 
coupling element. A particular responder may be identi- 
fied by noting which ones of the sequence of interrogator 
signals actuate' a set of responder signals and the fre- 
quencies of the different responder signals in the set. 
In'other words, the signalling system of this invention 
may provide as an output quanity a successive pulse 
coded signal wherein each pulse itself is a simultaneous 
pulse. coded signal. The number of possible different 
frequency selective coupling means for a given sequence 
of interrogator signals determines the maximum number 
of different, successive pulse coded signals obtainable. 
Further, the number of different combinations of re- 
sponder signal oscillato.'s determines the maximum of 
different simultaneous coded pulse signals. Since each 
pulse of the successive coded pulse signals can be made 
up of all possible parallel coded pulse signals, the total 
number of different coded pulse signals is tremendous. 

If p different interrogator signals are included in one 
sequence and a maximum of q different responder signal 
oscillators may be utilized in one responder, the max- 
imum number of responders wliich are capable of unique 
identification is equal to 2 p'’-. It is therefore seen that 
even though p and q are kept small in co.mparison w’ith 
the values for p and q necessary to provide the required 
digital number in the “Jones” and “Jones-Currie” systems, 
the number of digits obtainable with the signalling system 
of this invention is pq. 

For a railroad signalling system, the interrogator may. 
be mounted upon a moving vehicle whose location is to 
be determined at fixed intervals. The responders may be 
located at various intervals along a railroad tr.lck or 
roadbed over v/hich the vehicle passes. In case of rail- 
road tracks, the preferred position of each responder is 
the top or ins'de of a selected track tie. The location of 
and the distance between individual response blocks is 
largely a matter of choice determined by. what particular 


. , 0 

points identification of location of the vehicle is made.. 
As will be explained belovf, the number of response 
blocks which may be utilized throughout a whole rail-- 
road network are limited, at least to some extent, by the 
6 number of digits with which the signalling system is 
provided. As stated above, the respective position of 
the inte.'TOgatoi and responders may be exchanged so 
that the interrogator unit is fixed and each of the moving 
vehicles carries a response block. Such an arrange- 
10 ment is preferred when goods are moved by conveyer 
or the like over or past the interrogator, or when freight 
cars are to be classified upon entering or leaving a switch- 
■ yard. 

For a fuller understanding of tlie nature -and objects 
15 of the invention reference should be had to the follow- 
ing detailed description taken in connection with the 
accompanying drawings, in which: 

FIG. 1 is a schematic electrical block diagram illustrat- 
ing one embodiment of the sig.nalling system of this 
20 invention as it might be used in connection with an 
automatic railroad data transmission system; 

FIG. 2a is an electrical schematic diagram of an em- 
bodiment of passive responders which may be utUized 
with the signalling system illustrated in FIG. 1; 

25 FIG. 2i>, is a binary code diagram of the responder 
illustratcd'in FIG. 2a, and is included to aid in the ex- 
planation of the coding technique utilized in responders; 

FIG. 3 is a graphic.al illustration useful in understand- 
ing the operation of the automatic gain control feature 
30 of this invention; and 

FIG. 4 is an" electrical schematic diagram of a re- 
sponder oscillator which may be utilized with the re- 
sponder illustrated in FIG. 2a. 

The novel features which are believed to be char- 
35 acteristic of the invention, both as to its organization and 
method of operation, together with further objects and 
acivartages thereof, will be better understood from the 
following description considered in connection with the 
accompanying drawings in which several embodiments 
40 of the invention are illustrated by way of example. It 
is to be expressly understood, however, that the draw- 
ings are for the purpose of illustration and description 
only and are not intended as a definition of the limits 
of the invention. 

45 Referring now to the drawings, and particularly to FIG. 
1 thereof, tlie signalling system there shown includes an 
interrogator 100 for developing a sequence of cyclically 
repeating pulsed interrogator signals differing in frequency 
and for receiving and decoding combinations of responder 
GO signals. The signalling system also includes a responder 
102 which is responsive to the pulsed interrogator signals 
when the interrogator and the responder are within a 
selected minimum distance and which is operative to pro- 
vide information in the form of selected combinations of 
55 responder signals. 

Even though the signalling system may include onc'or' 
more interrogators or one or more responders or both, the 
following description is limited to one interrogator and 
one responder, each of which is a separate structure and 
eo cooperates v.’ilh the other. As will become more clear 
from the description below, cooperation between any in- 
terrogator and any responder takes place when the inter- 
rogator and the responder, which are in relative motion 
with respect to one another, approach one another so 
55 closely .as to be within .a selected minimum distance so that 
the power level of the signals to be e.xchar.ged is above a 
threshold level. During the time when the interrogator 
and the responder are within the selected minimum dis- 
tance, the responder is said to be “operative to receive” 
7Q the interrogator signals and develop a response thereto 
in the form of responder sign.ds. and the interrogator is 
said to be "operative to receive” the responder signals and 
decode them. The term “operative to receive” as used 
hereinafter signifies the transfer of electric signals by 
75 means other than conventional conductors at a power level 
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6sc!iIIator \vhich generates a signal frequency puls 
fesnlt of an exteritallj' applied pulse. Ewn though only 
three signal sources are shown in PiG. 1, the actual num- 
her of signal Sources utilized in a signallEag system of the 
type here described depends On the totaf number of digits 
Of bits fetjuired to provide identificalida of the various 
desired information from the responder, fn practice, 
fhs number of signal sources may vary from a minimum 
of {wO (o some maximum Svliicb number is henceforth 
dssigtiated by the letter p. The frequencies of fits sinusoi- £0 
dal Output voltages are tikev.'ise subject to v.'ide limita- 
tion and are designated herein respectively as Fi, Fj, , , , 

Fji. By way of example, a frequency range lying between 

Sr*/4' IrM J' t 1 * . . 
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electrical length , of one-quarter or one-balf of a tvave 
lengtli as required for the radiation mode. For inductive 
Ooupling, (he tr.msmit means may Constitute a tuned cir- 
Ouit resonant at or near the frequency of the interrogator 
signal. Of course, a certain amount of energy even in a 
predominantly inductive coupling may be transferred by 
radiation. ■ 

For signalling systems utilized with air-borne aircrafts, 
the distance between the interrogators and responders is 

f. . .. . ‘ 


frbicfi ts above a predetermined mininmrei threshold level. 

Such a {farisfer may be in the form of eJecfromagnotic 
radiation of magnetic of eleelric coupling. 

The portio.n of interrogator 100 width provides tbs 
isiefiogeior signals, also referred to as ihc interrogator 
Signal developing means, may include, a plur.ality of con- 
ventional radio frequency Oscillator means such as pulsed 
Signal souTces lO-J, 106 and 108, each having a sinusoidal 

mafpuf voltage of predetermined ampl'ittwds and a different me oistance between the interroaators and responders is 
ftequefiey. A pulsed signal source, as is well known, is an lo usually too great for efl'cctive hiJtictive coupling and 
teCtllafor which generates a signal frequency pulse as a hence a predominating radiation mode of transfer is pre- 

terred. For a radiation transfer, the transmit means and 
feceive means constitute antennas such as dipoles or loops 
which are cfTectivc radiators at the frequency of the inter- 
rogator signals. Even though the signalling system of 
this invention will herebdow be described with special 
cmphasiS on the inductive coupling nrode of transferring 
Signals from the interrogator to the responder and from 
the responder to the interrogator, it i.s to be expressly un- 
derstood that Such terms as “iransmit means,” ^transfer,” 
"receive means,” “pick-ue means” and others include trans- 
fer by electrom.agnctic w.ives and electric fields. The low 
60 •sort' "“V*"'’ - ./...s u-c„v..i, frequency mode has been chosen only as an exemplary 

90. and 300 kil^yclcs per Second has I eca found to per- method because of its special adaptability to railroad om 

form very satisfaelonly. The individual frequencies are 25 eration 


SeleOted So that none is harnionically related to another. 
Of Course higher frequencies may be used even though 
Js Sbriie applications of this signalling system the afore- 
ffietttidned range of frequencies is preferred because the 
higher the frequency the greater the attenuation due to ire, 
Snov/, etc. 

The output voltages from signal sources 104, 105 and 
JOS are applied via individually adjustable attenuators 
lip, 112 and 114 to a variable gain device 116, which may 


30 


Transmit means 132 may comprise either a parallel- 
tuned or a series-tuned induciaficc-capacitance network 
resonant at the center freqtiency of the frequency band in- 
cluding all the interrogator signals. The Q or selectivity 
of the network shotild be low enough so that the interro- 
gator Signals at the high and low frequency end of the fre- 
quency band are not unnecessarily attenuated relative to 
the center frequencies. For example, if a frequency band 
from 90 to 300 kilocycles per second is utilized as the in- 


A’ i yariame gam ttevice iit>, wiuc.h may trom 90 to 300 kilocycles per second is utilized as the in- 

iClude some automatic gain control means responsive to 35 terrogator signal frequency band, the Q of the coil usually 
a automatic gain control ditTcrence voltasc appearing on should not exceed 3. Scch a value of O provides broad- 

SrtGUefOr iXn. Device lift ITlflV fl-ia ahsmst Af -2— • « . . 


hi 

automatic gain control diiTcrence VoICa^^ appearing vju 

^ utilized to control the band cpeiafion and simhitancously' pjoWdcra'masonaWe 

amplitude of the various interrogaior signals in accord- Value of gain. Each amplitude controlled interro'’ator 

Mee With the autcinatic gam control difference voltage. signal will cause transmit means 122 to oscillate and tbere- 

The purpose of providing automatic gain control and the 40 by generate a field at the frequency of the interrogator 
method of developing the automatic gain control dif- signal to which responder 102 is responsive, 

fcrencevoltagp will be explained below itt connection with An audio frequency sianal source such ns iinn r,,rU 

FIG. 3. Variable gam device 116 may take any of the 
loYms well known to those skilled in the art, and which 


An audio frequency signal source such as 400 cycle 
master oscihntor 124 may be utilized to drive a bistable 
Switching device such as flip-flop circuit 126, also known 


......... ...... oiviiicu HI luc an, ana wmen iwiicumg oevice suen as Jiip-llop circuit 126 also known 

Sfe.somctimes referred to as variable gain attenuator dr 43 as an Eccles-Jordan circuit or a bistable multivibrator 
Variaole gain amplifier. One form of variable svfim Imorc.^^inrr ih^ nutnut cinnAT aaaMI-ja- . 


Variable gain amplifier. One form of variable gain cieviee 
Suitable for automatic gain control as here contemplated 
is disclosed in detail in Jones Patent No. 1,910,579. 

The Output signals from variable gain device 116, desig- 
flaled as the amplitude controlled interrogator signals, 
may be stiifably amplified, if desired, by amplifying means, 
such as a conventional power amplifier 120, to increase 
their power level sufficiently to facilitate the transfer of 
the interrogator signals fro.m a transmit means T22'ai?ecP 


50 
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impressing the output signal from oscillator 124 on cir- 
cuit 126 causes output terminals "A” and “B” of circuit 
126 to alternate between the “high” and “low” conditions 
the 400 cycle repetition rate of oscillator 124. Termi- 
nal “B” of flip-flop 126 is connected to the input terminal, 
counter 128 having a ring advance line 
pO. The term ring counter is well known to those skilled 
comprises, a series of bistable multivibrators 
■or tnggcr^Gircnits:corir.ceted in tandem to form a se- 


- — a uifeci— - - Hjgger circuiis_conr.ceiea in tandem to form a se- 

ly excited oy the interrog.itor signals to responder 1C2. ss'fiuence-op'erated type of counting circuit. Rinc counter 
It IS, of course, clear to those skilled in the art, that the 128 comprises as many stages as there are pulsed sismal 

position of variable gam device 116 need not be intermedu sources developing interrogator signals such as signal 

source 104. Each stage of ring counter 128 is connected 
to a different one of the pulsed signal sources 104, 106 
eo and lOS and supplies the external pulse which turns on the 
signal sources. Whenever, terminal “B” of flip-flop 126 


position of variable gain device 116 need not be intermedi- 
ate between signal sources 134, 106 and tOS and amplifier 
120. but may be inserted instead between amplifier 120 
and transmit means 122. 

Transmit means 122 may take a variety of forms de- 
pending on the. mode most suitable for transferring the 
interrogator signals to responder 102. This is merely 
another way of saying that there may Ee a preferred 
JfiCkJe of making the interrogator “oporalsve to receive.” 
- For example, the mode of transfer may be by inductive 
eoupling .as commonly used in transformeis or by electro- 
magnetic radiation as used in wave transmission or by elec- 
tric coupling as used with capacitive devicKs. Each moJo 
has certain advantages over ti e others as So pai ticuiar ap- 
plications and often a combination of modes may be 
utilized. For sign.al!ing systems utilized with railroads, 
the inductive coupling mode offers, great .advantages in 
Ihat the physical dimcnsio.ns of the trarismit mc.-n^s arid 
(he pick-up rneart': need not be so large as to requite an 


65 


signal Goiirces. Whenever, terminal “B” 
becomes “high,” lir.g counter 128 is advanced one posi- 
tion. As nng ecunter 128 advances one position, it turns 
off the signal source which has been oscillating and turns 
on the next signal source. 

^As will be explained in connection with the operation 
o. the automatic g.ain control circuit, rim- ountcr 128 is 
modified to the extent that each stage tui..j off its asso- 
ciated signal source before the ring advances to its next 
70 rc-'^ition. If automatip gain cont-ol is not utilized, the 
ring counter operates in the conventional way. If auto- 
matic gain control is utilized, it has been found desirable 
to turn off the associated signal source after about one- 
the time between ring advances has elapsed. 
/5 Tnjs Jritcrval is uiilizcd to insert an automatic gain control 
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interrogator signal ociween eacn ring counter aavance. groona it one conaucior is grounaca; is, or course, me 
As exemplary fonn of modified ring counter is fully de- same as that of the interrogator signal which provides the 
scribed in the co-pending “Jones Systenr” application. field to which the coil is co’rpicd. For example, pick-up 
Of course, a series of monostable multivibrators con- element 142, upon receipt of an interrogator signal of 
nected in tandem to form a sequence-opcraicd type of 5 frequency Fj, commences oscillation (assuming responder 
counting circuit may also be utilized wherein each stage , and interrogator to be withi.n the selected minimum dis- 
or multivibrator provides a pulse having a time duration of tanca) and develops a t output signal, henceforth referred 

appro.xirr.ateiy one-half of the signal frequency of master to as the response actuat.'ug signal, in conductor 148 

oscillator 124. v.hich is connected to clement 142. In this manner, re- 

With a 400 cycle per second signal applied from oscil- 10 spender pick-up means 140 provides a plurality of £re- 
lator 124 to flip-fiop 126, it w'ill be seen that there will qiicncy selective responder pick-up elements, each sharply 
be 200 “high" states and 200 “low” states at each of the tuned to a different one of the frequencies of the interro- 
outpiit terminals of fiip-flop 126 every second. There- . gator signals, and c.ach pick-up element being selectively 
fore each “high” state and each “low” state has a duration operative to develop, from the interrogator signal to which 
of 2500 microseconds. The “high” state from terminal 15 it is tuned, a response-actuating signal. 

“A” of flip-flop, 126 wilbirdvance the ring position every A response-actuating signal developed by, say, element 

5000 microseconds so that each interrogator signal source 142 may be impressed upon a rectifying means such as 

will be operated 'or pulsed for a 5000 nricrosccond inter- a conventional rectifier 150 connected to element 142 by 

val at a repetition of 200 divided by p times a second, conductor 148. Rectifier ISO may include a diode and a 

w'here p is the number of signal sources of interrogator 20 ^iter and provides conversion of the response-actuating 
ICO. If p is selected as 5, for example, each interrogator signal from alternating current to a direct current. The 

signal source is repeated at the rate of 40 times a second. rectified response-actuating signal is henceforth referred 
As has been indicated, when automatic gain control is uti- to as xhe response-actuating voltage. As will be elabor- 
lized, the modified ring counter turns on the interrogator ated upon hereinafter, the response-actuating, voltage may 
oscillator for only 2500 microseconds when the ring posi- 25 be the sole power furnished to the responder 102. Rco- 
tion is advanced, leaving the other 2500 microseconds, tiflers 152 and 154 are, respectively, connected to pick-up 
which coincide in time with terminal “B” being “high,” for coils 144 and 146. 

an automatic gain control inter.vogator signal. Each of the response-actuating voltages is utilized to 

The operation of the interrogator signal developing power a selected plurality of responder signal, oscillators 
means is now easily understood. As master oscillator SO of which only three are shown in block form and respec- 
124 impresses its'eutput signal upon flip-flop 126, terminal lively dcsigiiaied by reference characters 156, 158 and 
“B” upon being “high” will advanc? the position of ring 160. Each responder signal oscillator is operative to 
counter 128 to the next stage. This turns off the signal develop a responder signal of a different frequency in 
source that had been oscillating and developing a pulsed response to a response-actuating voltage. The actual 
interrogator signal, say Fi, and turns on another signal 35 number of different responder signal oscillators which 
source to develop another pulsed interrogator signal, say may be incorporated in a given signalling system is ^ 
Fj. Each interrogator signal excites transmit means 120 and depends, among other things, on p, the number of 
for a short while. When automatic gain control operation different interrogator signals utilized and the total num- 
is utilized, a signal source is turned off at the time when ber of information coding which is desired.' Each of the 
terminal "A” becomes "high,” The combination of oscil- 40 responder signals may be suitably designated by its fre- 
lator 124; flip-flop 126; ring counter 128; signal sources qtiency which is respectively fi, The selected 

104, 106 and 1G8; attenuators 110, 112 and 114; variable plurality of responder signal oscillators actuated By a 

gain device 116, controlled by the voltage appearing on single response-actuating voltage provides the simultane- 

lead IIS; amplifying means 120; and transmit means 122 ous pulse coded signal. 

provides an interrogator signal developing means includ- 45 A distribution network 162 is utilized to i.electively 
ing automatic gain control means responsive to an auto- connect the individual response-actuating voltages from 
matic gain control difference voltage which is operative rectifiers 150, 152 and 154 to the input terminal of 
to establish a sequence of pulsed interrogator signals dif- ‘ responder signal oscillators 156, 158 and 160. More 
fering in frequency, which sequence is cyclically repeated. particularly, FIG. 1 shows distribution network 162 con- 
A, frequency selective responder pick-up means 140 go neciing rectifier ISO to oscillators 156 and 160; rectifier 
may include a plurality of pick-up elements 142, 144 and 152 to oscillators 156 and 160; 'and rectifier 154 to oscil- 

146, each one of which is highly frequency selective and lators 156 and 158. It is thcreforeLimmediately apparent 

is “responsive to receive” only a selected interrogator sig- that one or more different responder oscillators are selec- 
nal. Non-selected interrogator signals do not operate lively connected to different sources of response-actuating 
upon a pick-up elemeni. If transfer of the interrogator 55 voltages, and a different combination of responder signals 
signals is contemplated by the radiation mode, receiving may be obtained simultaneously from each ^.ource of 
antennas of proper electrical dimension, or an antenna response-actuating volt, nga. In some applications it has- 
element coupled to a plurality of tuned circuits, are uti- been found more convenient to incorporate the rectifying 
lized. If the interrogator^ signals are transferred by in- means directly into the diisfribution network 162. FIG. 
ductive coupling, the individual pick-up elements 142, gg 2a shows a structure wherein the rectifying means is in- 
144 and 146 may be paralfcl-tuned or series-tuned induct- corporated into the distribution network, 
ance-capacitance networks, each one being sharply- tuned Each individual responder signal may be impressed 

to the frequency of a different interiogator signal. If the upon a responder transmit means 164 including the 

selectivity, Q, of the individual tuned circuits is high, say plurality of transmit elemen!s-166,- 168 and 170, each 

about ICO, then a frequency separation of several kilo- gg tuned to the frequency of its associated responder oseii- 
cycles from the resonance frequency in the range of the lator. The individual elements may take the form of 

interrogators’ sigital frequencies will not induce any ap- either series-tuned or- parallel-tuned inductance-eapaci- 

preciable oscillation into the circuit. Of course, there are tnnee networks for inductive coupling, or of suitable 

p different pick-up coils, each one being associated (tuned) radiators if the radiation mode of transfer is adopted. The 
to a different interrogator signal frequency. yg total number of responder transmit elements is equal to q. 

As is well kno-wn, a pair of inductors connected to op- each oscillator having its own transmit element. Of 
posite sides of an oscillating circuit provide a. convenient course, the individual responder signals may, if so desired 
method of utilizing the electrical energy stored in the oscil-. be connected to a single tr.insmit means such as a broadly 

lading circuit. The frequency of alternating current de- tuned circuit reson.-int at tbs center frequency of the fre- 

veloped in such a pair of conductors (or conductor to 75 qucncy band of all responder signals or a suitable single 
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radiator. However, individual sharpiy-turivd elements 
are preferred, since .they provide greater cf.in. 

The portion of interrogator 100 which receives and 
decodes the responder signals may be termed the intcr- 
rogatcr receiver means and includes pick-up means 180 5 
.'■esponsive to the individual responder signals. The 
physical embodiment of pick-up means depends again on 
the mode whereby the responder signals are transferred 
to the interrogator receiver means. For transfer by the 
radiation mode, a radiation antenna for receiving electro- jo 
magnetic waves is, of course, required. If inductive cou- 
pling is utilized, as particularly applicable to railroad op- 
eration, a series-tuned or parallel-tuned inductance-capaci- 
tance network may be employed. 

Pick-up means 180 may be selected as a tuned circuit, 15 
and is, preferably, broadly tuned to resonate at the cen- 
ter frequency of the responder signal frequency band. 

If desired, the single coil 180 may be teplaccd with a 
set of sharpiy-tuned coils in series with one another, 
each one resonating at a different responder signal fre- 20 
qucncy. Such an arrangement would increase the gain . 
between the interrogator lOQ and responder 10- at the 
expense of simplicity of pick-up means 180. 

The signal developed by pick-up means 180 comprises, 
more often than not, several responder signals simultane- 25 
ously, since most of the time a response-actuating yoltage 
is impressed by distribution network 162 upon several 
of the responder signal oscillators. Since a responder 
signal is of a single frequency and the signal developed by 
pick-up means 180 may include a number of different fre- SO 
quencies, such a co.'ribination is referred to as a composite 
responder signal (which gives rise to the parallel pulse 
coded signal). In other words, a composite responder 
signal is a' term applied to' the combination of responder 
signals actuated by an element such as 142 upon receipt So 
of its associated interrogator signal. It is therefore seen 
that a composite responder signal is developed by re- 
sponder 102 upon the receipt of an interrogator signal 
from interrogator 100. 

The composite responder signal may be applied to a 40 
receiving means such as a conventional receiver 182, so 
that the composite responder signal may be amplified to 
a desired power level. The amplified composite responder 
signal is then impressed upon a plurality of narrow band- 
pass frequency circuits or filters, of which three are 
shown, respectively designated by the reference char- 
acters 184, 185 and 188. The plurality of the frequency 
filters serves to separate or unscramble or decode the 
composite responder signal by removing therefrom the 
individual responder signals. It is, of course, evident gg 
that for each responder signal fi, /j . . . there must 
be an associated' band-pass filter so that a total of g 
filters are required. The designation shown inside the 
rectangles 184, 186 and 188 representing the filters in- 
dicates the center frequency of its pass band. The plural- gg 
jty of filters as such may be conveniently referred to as 
a responder filter means since it suppresses from any one 
filter output all responder signals except a selected one 
which it passes. 

Each filter, such r^s 184, may be of conventional design gg 
and may comprise cither a parallel-tuned or a series-tuned 
inductance-capacitance passive network, or, in certain in- 
stances, it may be desirable to utilize an active filter of the 
well-known type comprised of a feedback amplifier con- 
taining a twin T RC network in its feedback part. Eccb gj 
of the tuned circuits is resonant at a different one of the 
responder signals, and is operative to pass only a coding 
signal respresentative of the responder signal at the 
resonant frequency of the tuned circuit. The plurality of 
filters therefore may be seen to comprise the responder jg 
signal filter means responsive to the composite responder 
signal jnd operative to develop a separate coding signal 
for each of the selected plurality of responder signals in- 
'cludcd in the composite responder signal. 

In some systems of the type here described, it may 75 
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be desired to lower all frequencies of the received com- 
posite responder sicnal. This may be accomplished by 
utilizing a conventional beat frequency oscillator as part 
of cr in conjunction with receiver 182 as is well known 
to those skilled In the art. The output from the beat 
frequency receiver would be a reduced frequency com-, 
posite responder signal. The main advantage of a low 
frequency composite responder signal is that audio fre- 
quency instead of radio frequency filters may be utilized 
to separate the reduced frequency composite responder 
signal. Of course, if a beat frequency icceivcr is used, 
then the respo,ndcr filter means would comprise audio 
filters. 

It is desirable that all coding signals be of approxi- 
mately equal magnitude so that greatest reliability of 
the signalling system- is obtained. Providing inter- 
rogator signals of equal magnitude will no*, accomplish 
this since the path taken by each intcirogator signal, 
and thereafter the responder signal which it activates, is 
inherently frequency sensitive. This inherent property 
may be compensated for by utilizing the individual at- 
tenuators 110, 112 ana 114 which are set in such a 
manner that a particular code signal has the same magni- 
tude irrespective of which of the interrogator signals h 
is actuated by. Additionally, each of the responder signal 
oscillators may iiichide an adjustable attcnu.ator to com- 
pensate for the different frequency responses due to 
differences in the frequencies of the different responder 
signals. These attenuators may be preset for each signal- 
ling system. If even greater accuracy is desired, the 
distribution net work 152 may be provided with attenua- 
tors to compensate in accordance with the number of 
responder signal oscillators actuated. 

The output signal from each of the filters 184, 186 and 
188 is, of course, ar. alternating current signal (code 
signal) of the frequency of the particular responder 
signal. It is sometimes desirable to rectify each of the 
alternating current .-.ignals to derive therefrom direct cur- 
rent voltages, referred to as coding voltages. For this 
purpose a rectifying means such as a plurality of asso- 
ciated rectifiers, designated respectively by reference char- 
acters 190, 192 and 194, may be utilized. In this man- 
ner, the individual associated rectifiers provide a rectify- 
ing means re.sponsive to the coding signals and operative 
to develop coding voltages. 

The coding voltages may be utilized in a variety of 
ways and represent, as the name suggests, a binary code 
indicating which ones of . the q different responder oscil- 
lators 156, 158 and 160 are actuated upon the receipt of 
a particular interrogator signal. It now will become 
apparent to those skilled in the art from the foregoing 
explanation that the number of responder signal oscil- 
lators q determines, in part, how many different respon- 
ders may be uniquely identified. For example, if a par- 
ticular interrogator receiver means is equipped to decode 
or separate frequency-wise three code responder signals 
from the composi.c responder signal, a maximum of three 
' responder signal oscillators may be utilized and only 
eight different combinations of coding voltages can be 
developed, if the interrogator provides only a single 
interrogator signal, only eight different responders can 
be uniquely identified. If an interrogator receiver means 
can separate or filter-out four different code responder 
signals, then a maximum of four responder signal oscil- 
lators may be utilized and 16 responders may be uniquely 
identified. As is well known, the maximum number of 
responders which may be uniquely identified is equal 
to 2 to the power q where q is, of course, an integer and 
represents the number of responder oscillators in a par- 
ticular responder. 

Interrogator ICO, however, does not provide a single 
interrogator signal but rather p different interrogator 
signals. Consequently, each of the interrogator signals 
can provide 2 to the power q different combinations of 
coding voltages. For an interrogator-responder sys*eni 
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in ^»liich Ihs interrogator developes p different interroga- 
Sor signals and in which each responder may be equipped 
with the maximum of q dilTcrent responder' signal oscil- 
lators, it is possible to get 2 to the power pq different 
eombinatiens of coding voltages as the interrogator 5 
signals execute one sequence. For example, for an in- 
terrogator having a sequence of 6 interrogator signals 
and responders using up to a maximum of 5 different 
response signal oscillators, the number of different rc- 
iponders Vyhieh. may be uniquely identified is equal to 10 
2 to the power 30 minus 1, wiiich is equal to 1,073,74 1,803. 

The coding voltages from the rectifiers 190, 192 and 
194, being a binary code, may be directly applied to the 
stages of a register means such as the- code registers 
designated respectively by the reference characters 196, 15 
198 and 200. Obviously the number of stages required 
for each of the registers. 196, 198 and 200 is the same 
as the number of code responder signals which the in- 
terrogator receiver means can decode, each stage being 
associated with a different one of the responder signal 20 
oscillators which may be utilized. Consequently, each 
fegister accommodates a simuitaneous pulse cod.ed signal 
actuated by a single interrogator signal. Each stage of 
each register, such as 196, may be set either by the oc- 
currence or the absence of the coding voltage from an 23 
associated rectifier. 

It has been found convenient, for the purpose of the 
description of this invention, to separate the register means 
into different code registers, each having q stages. Of 
course, in practice a single code register having pq stages 30 
is utilized. In this representation, each code register 
is associated with a different interrogator signal and each 
stage is associated with a different responder signal. 

To make each of the p code registers selectively respon- 
sive to the code voltages actuated by an associated in- 33 
fcrrogator signal, a plurality of gate or “AND” circuits, 
designated by reference character 202, are connected 
between the rectifiers 190, 192 and 194 and the /i, f 2 
and stages of the individual code registers. “AND” 
circuits such as 202 arc well known in the art as 3-input 40 
“AND” circuits and may be defined as circuits having 
an output terminal and three input terminals, and are 
so designed that an output signal is provided when, 
and only when, a certain definite set of input conditions 
(the 3 input terminals simultaneously must be “high”) 
arc met ^ ' 45 

Referring now more particularly to code register 1S6 
and its associated "AND” circuit 202, it may be seen that 
stage 204 will be set only if an output signal is obtained 
from its associated “AND” circuit so that conductor 206 rn 
is To obtain an output signal fiom “AND” cir- 

cult 202, it is necessary that three input signals be apolied 
thereto, that is conductors 208, 209 and 210 must be 
“high.” Condtiolor 210 is coupled lo a multivibrator 
whose function is to be described later. Conductor 208 r- 
is coupled to a difference amplifier 212, whose function 
is also to be described later, and to rectifier 190, and is 
“high" whenever a responder signal of frequency /i is 
received. Conductor 2C9 is coupled directly to the stage 
of ring counter 123 which supplies the pulse to actuate 
signal oscillator 104. ^ 

^ It is therefore app.arent that conductor 209 is c.nly 
“high” when signal source 10-i i;. oscillating since both 
are coupled to the same stage of ring counter 128. If 
wnductor 210 is assumed to be ’‘high” at the same time, C5 
“AND” circuit 202 will provide in output signal fcon- 
ductor 206 being “high”) as a responder signal of fre- 
quency /i is received. This output signal sets stage 204, 
whtch signifies that an interregater signal of frequency 
Fj has actuated a rcspc.ndcr signal of frequency /j. Con- 70 
dactor 209 provides a “high” input to all “AND” circuits 
whose output circuits are connected to the q stages of 
register 196, whxh may also bo referred to as the Fj 
register. Similarly, each stage of ring counter 128 is 
connected to the "AND” circuits associated with a dif- '75 
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ferent one of tire registers F2, Fj . . . Fp. In this man- 
ner, a register means is provided which is responsive to a 
sequencing means and operative to set its stages in accord- 
ance with coding voltages received and the interrogator 
signals actuating the coding voltages. 

If the co-li.ng voltage cn lead 208 had been originated 
by, say, signal source 105, no output would appear on 
lead 206 since lead 203 would be “low.” 

It may be mendc.ncd that it is not necessary to provide 
a register means hz’/ingpi; stages. For example, a regis- 
ter Laving q stages may be utilized in conjunction with a 
storage device which stores the binary ntunbers after re- 
ceipt and provides a cl-earing pulse, and thereby prepares 
the <7 stage register for receiving the next simultaneous 
pulse coded signal acluaSed by the next interrogator in the 
sequence. Addittonaily, the coding voltages may be di- 
rectly applied to magnetic tape, punched tape or other- 
well known storage means, obviating the need for code 
registers entirely. 

It has been found that the reliability of the signalling 
system of this invent ;o;i may be improved by applying the 
ceding or digilr.i xoltages frem rectifiers such- as 190, 
152 and 194 to the input circuits of a plurality of com- 
paring means, e."-ch associated with a different responder 
Signed such as the con’ventiona! difference amplifiers 212, 
214 and 216, inilead of directly to the “AND” circuits. 
232. Difference amplifiers are amplifiers having two in- 
put signals w'hose sLngle output signal is a function of the 
difference between the t’.vo input signals. In this manner, 
the coding or cigi'.al voltages may first be compared with 
a rcierencc voUsee of a selected amplitude from a source 
213 to make certcin that the coding voltages have indeed 
originated from ccsde responder signals instead of merely 
being rioise or stray picit-up. Unless the magnitude of 
the individual cod'sg voltage from a given rectifier is above 
a preaelcrnii.icd .uaiimnn level, indicating the presence 
of a responder signal and a desired degree of coupling 
between interrogttor 1C3 and responder 102, its associated 
difference ampin tr will not provide a coding voltage dif- 
ference signal, r rd the stages, such as stage 204, will not 
be set erroneou; . by noise or stray pick-up signals. Ref- 
erence voltage t-^.,rce 2iS may, of course, include an ad- 
just.ment means s’_cb ns a potentiometer to pro’vide an ad- 
justable reference voltage so that the level at which a code 
reference signal prevides a coding difference signal may 
be adjusted. The combiuaticn of the associated difference 
amplifiers 212, 214, 216 and reference voltage source 218 
thereby provides a comparing means responsive to each 
of the coding volttgcs for comparing the magnitude of 
each of the coding voltages with a reference voltage and 
is operative to pro-zde coding voltage difference signals. 

Since interrogate.- 163 and responder 102 are capable 
of relative motion wi.h respect to one another, the cou- 
pling between ir.u -c.;-.i r transmit means 122 and re- 
sponder pick-up mear 1*0 may increase from a small 
va^o during the apprt .reh to a maximum value when the 
relative distance then ' ctween is a minimum, and there- 
after ma-y decrease ag-iin rs the two objects move apart 
in opposite directiens. T.he same, of course, is true of 
the coupling bef.vaen rcsMindor transmit means 164 and 
interrogator pick-up me. ns ISO. Since excitation of 
transn-Jt means 122 rcr.ia ns constant, the power level of 
the response-actuating voltages developed at the input of 
distribution netwozii i62 witl change with the degree of 
coupling. The power level of the individual responder 
signals exciting tra-ismit means 164 d-epends on the power 
level of the rcspoPM-actuating voltages and consequently 
vanes with the degree of coupling between transmit means 
122 and pick-up .m-cans 114. Additionally, the pow'cr 
level of the compcrjite responder signal developed by pick- 
up means 180 will dep^end on the power level of the indi- 
vidual responder signals exciting transmit means 164 and 
on the coupling bcr.vccn transmit means 164 and pick-up 
means 180. ■ . 

It is llictefore ImmsJsatcly apparent that during the 
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time interrogator 100 and responder lOI are in close 
proximity with one another, the pox'cr level of the com- 
posite responder signal developed by pick-yp means 180 
undergoes a substantial change. This change of power 
level, unless corrected or compensated for, is directly re- 
flected upon the magnitude of the individual coding volt- 
ages, and it is impossible to provide reference voltage level 
for the comparing means such as difFercncc amplifier 212, 
to assure that the voltage from a rectifier, such as 190, is 
due to a code responder signal. The power level of the 
individual code responder signal developed at the output 
of the responder signal filter means, such as filter IS4, is 
depicted by curve a, ITG. 3. Curve a, FIG. 3, is a plot 
of the relatb'e power level of a code responder signal as 
passed by a filter of the responder signal filter means 
plotted against distance between interrogator ICO and 
responder 102. 

By providing automatic gain control, the power applied 
to amplifier 120 may be controlled so that the output of 
each filter of the responder signal filter means remains 
nearly constant during the time interrogator ICO and re- 
sponder 102 are in close proximity. -Curve b, FIG. 3, 
depicts the power level of the code responder signals from 
the responder signal filter, means when jiutomatio gain 
control is provided. The substantially fiat portion of 
curve' t, FIG. 3, corresponds to the selected minimum dis- 
tance. The advantages pf automatic gain control should 
be obvious. Receiver 182 can be, fully utilized without 
fear of saturation which might otherwise clip or distort 
the received responder signals. Also, the magnitude of 
the coding voltages from a rectifier, such as 190, will re- 
main constant during the time which corresponds to the 
flat portion of curve b, FIG. 3, and which lias been re- 
ferred to as the selected minimum distance betv/een the 
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responder and the interrogator. In this manner, the ref- 
erence voltage from source 218 may be set jiist a little 
below the level which corresponds to this flat portion, pre- 
venting a coding voltage diflerence signal except during 
the time when the automatic gain control is operative and 
hence insuring that the stage of a register such as 204 
will not be set except under conditions of adequate signal 
strength. 

Automatic gain control, to compensate for the variation 
in the coupling may be obtained by utilizing a signal 
source such as uulsed oscillator 230. Oscillator 230 is 
similar in all respects to a signal source, such as 104, and 
provides a signal at a frequency Page. A good choice for 
Fobc is the center frequency of the frequency band con- 
taining the interrogator signals. Output terminal “A” of 
bistable trigger circuit 126 is connected to the oscillator 50 
230 and consequently energizes it at the ntidpoint of the 
tin'e interval between advances of the ring counter 128. 

It -is for this reason that a modified ring counter is de- 
sirable so that no interrogator signal is developed during 
the time corresponding to the second time interval of the 55 
sequence when oscillator 230 is energized. The output 
signal of oscillator 230 is applied, via an adjustable at- 
tenuator 23.2, to variable gain device 116 to excite trans- 
mit means 122. 

Frequency sensitive pick-up element 234 is included 
in pick-up means 140 and provides selective coupling to 
transmit means 122 'when the latter is excited by a signal 
of the frequency of F,,gc; The output of pict-up element 
234 provides a response-actuating signal which, after rec- 
tification by rectifier 236, provides a response-actuating 
voitage for powering the automatic gain control responder 
signal oscillator 238. The outp'ut signal from- automatic 
gain control responder signal oscillator 23S excites trans- 
mit element 240 of transmit means 164. 

The automatic gain control responder signal is applied 70 
to receiver 182 as any other code responder signal, and is 
conducted thereafter via filter 242 to. rectifier 244. Since 
it is desired to keep the output voltage of rcciificr 244 
constant during the app/oach of interrogator 100 and re- 
sponder 102, this output voltage, is impressed upon a dif- 75 


:VX; :-V.xv/ - .7' . Vf: i':X- 

fcrcnce amplifier 246 which compares it with a reference 
voltage of a selected amplitude from a reference voltage 
source such as 218. Unless a magnitude of the output 
voltage from receiver 244 is above a predetermined mini- 
5 mum level, indicating a desired degree of proximity be- 
tween interrogator 100. and responder 102, the difference 
amplifier 246 will not provide an output voltage. 

The output voltage from difference amplifier 246 is 
applied, via a filter 248, to lead 118 which controls vari- 
10 able gain device 116. As coupling between interrogator 
100 and responder 102 increases, the signal on lead 118 
will likewise increase and lower the gain of variable gain 
device 116 thereby keeping the output of rectifier 244 
constant. The combination of diflerence amplifier 246, 
15 rectifier 244, reference voltage source 218 and filter 248 
thereby provides a comparing means responsive to the 
rectified response voltage for comparing the rectified re- 
sponse voltage with a reference voltage and is operativ'e 
to derive an automatic gain control difference signal. 

20 ■ As is easily seen, the level of reference voltage from 
source 218 determines how soon, during the approach of 
interrogator 100 and responder 102, the automatic gain 
control becomes operative; and how soon, as interrogator 
100 and responder 102 move in opposite directions, the 
25 automatic gain control becomes inoperative. Of course, 
receiver 1S2 may be provided with an internal automatic 
volume control so that variable gain device 116 is allowed 
to work over a more limited range. Filter 248 is provided 
to smooth the output from difference amplifier 246 which 
30 increases and decreases each time that flip-flop circuit 126 
changes its, state. The reason for desiring a smooth auto- 
niatic gain control difference voltage Is obvious since 
otherwise variable gain device 116 would introduce per- 
turbation. 

35 As previously mentioned, the coding voltage difference 
signals from a difference amplifier, such as 212, may be 
directly applied to the stages of a register, such as 204, 
for recording either the presence or the absence of a 
particular code responder signal. It is therefore necessary 
that all stages of a register means, such as stage 204. be 
“clear” prior to the time of arrival of a coding voltage 
ditference signal. In other w'ords, when interrogator 100 
and responder 102 approach one another, no record of 
a previous recorded binary bit should be present on the 
stages of the register means. For this purpose, an electri- 
c.al clearing pulse may be applied to each of the stages of 
the register via buss bar 250 prior to or concurrent with 
the time at which interrogator 100 and responder 102 
are within the selected minimum distance. This clearing 
pulse may be derived from the output of a register clear- 
ing means such as the conventional monostable multi- 
vibrator 252 upon being triggered by some conteol volt- 
age. One suitable control voltage may be derived by 
utilizing the automatic g.ain control difference voltage as 
illustrated in FIG. 1, which rises sharply upon approach 
of the interrogator 100 and responder 102 and is there- 
fore suitable as a trigger. Of course, any signal com- 
mensurate with a rectified res.nondcr signal is suitable. If 
the automatic gain control di.ffcrence voltage is utilized 
to trigger the clearing puLse, the register means w'ill be 
ready to receive coding voltage difference signals for stor- 
age when interrogator 100 and responder 102 are ap- 
proaching the selected minimum distance. 

It has been found that the relbbility of the interrogator 
may still further be increased by including gating means 
preventing the setting of the slajss of the register means 
unless automatic gain control is operative. As explained 
in connection with “AND” circuit 202, to insure that cod- 
ing voltages actuated by a partHular interrogator are set 
into the proper' register of the Tegister means, conductor 

209 must be “high.” Since “AND" circuit is a 3-mput 
network, conductor 210 must also be “high.” Conductor 

210 provides the gating voltage and is connected to one 
output ternffnal of monostable multivibrator 252 which 
fires when interrogator 109 aiid responder 102 approach 
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U)_e seiccteu uKuiiiiuiri uisiance as cispiainea in connection value of p requires a lar^e value of q and consequently a 
With toe register clearing means. The output signal of complex responder. A good choice would be to make p 
nionosiable multivibrator 2o2 ora conductor 210 is sc- and 5 approximately the same if the relative speed between 
Iccted to provide a pulse with a time duration suthciently the responder and the interrogator allows such a large 
long to pcrr.ut several sequences of interrogator signals. 5 value of p. 

_ For tte sake of simplification of the drawings, multi- Referring now to FIGURE 2a, there is shown an illus- 

vibialor .5.?. is shov/n having twer output terminals, one trated embodiment of a responder constructed in accord- 
of wh.ch is connected to buss bar 250 and the other to ance with this invention. Pick-up means, such as a plnral- 
buss bar 210. Buss bar 210 in turf is connected to one ity of tuned circuits, of which four are shown and respec- 
input terminal of each of the “AJSD”- circuits 202. In jo tivcly designated by reference characters 300, 302, 304 
order tor ah output signal to appear, such as on lead 206, and 306, provide the individual frequency selective receiv- 
the following set of input conditions must be met simul- i.ng elements. Actually, there are p-f-l receiving ele- 

tancously. First, a coding voltage must _ appear at the meiits, p circuits arc utilized for receiving the interrogator 

- output tcrmmal of rectifier 190 vrhich is of suf.icient signals having frequencies Fi, Fj . . . Fp. and one circuit 
magnitude to provide a difference signal so tnat difference ]5 is utilized for tlio auiomatic gain control interrogator sig- 
amrliffer 212 has an output volt.rtgc and conductor 208 nal of frequency F^gp. Each of the tuned circuits may 
is high. Second, the coding vijliage must have been include an inductor and a capacitor designated respective- 
actunted by signal source 104 so tiiat a voltage pulse ap- ly by reference chcrceters L and C in tuned circuit 300. 
pears and lead 209 is “high.” Third, the automatic gain The impedance values of each combination of L and C 
control difference signal must bo stnong enough to indicate 20 = selected so that each of the tuned circuits is resonant 

that interrog.ntor 100 and responder 102 arc within the at the frequency of a different interrogator signal. The 
selected minimum dist.nnce or else multivibrator 252 resonance frequency of each of the tuned circuits is 
would not fire and provide an output pulse to make con- designated by the reference characters Fj, Fz, Fj and Fp 

ductor 210 ‘high. It is (herc&M’e seen that the re- in conformity with the convention adopted in connection 

liability of the signalling system issatstanlially increased 23 with the description of FIG. 1. it is, of course, obvious 
and that stray pulses will not operate to erroneously set to those skilled in the art tiiat if a high frequency radia- 
the stages of the various registers. tion mode of transfer is selected, common or. separate 

In interrogator ICO described fecreinabove, difference antenna elements may be coupled to the tuned circuits. 

ampHfier_246 is utilized tp pravile the automaic gain The antenna element thereby would receive a radiated 
contrpl difference signal voltage arsd to fire multivibrator 30 interrogator signal and the individual tuned circuits may 
252. ^ It is to be understood, hotyever, that such a dual provide the required frequency selectivity, 

function arrangement is shown only to retain simplicity If one of the tuned circuits receives an interrogator 

of description and that separate difference amplifiers or signal whose frequency corresponds to its resonant fre- 

a difference amplifier and other wefUaiown trigger sources quency, the tuned circuit will be set into oscillation caus- 

may be substituted therefor. Likers-ise, multivibrator 252 35 in3 the flow of an alternating current. A pair of leads, 
is described as being suitable to sa-BmltancousIy provide such as 303 and 310, coupled across tuned circuit 300 

the short time duration clearing frulse to the register develop an alternating voltage therebetween which may 

means and the long time duration gating pulse. As will be utilized to power relecfed responder oscillators. This 
be obvious to those skilled in the art, there may be certain alternating voltage is She response-actuating signal. Even 
advantages in utilizing separate mnUivibrators or perhaps 40 though tuned circuit 300 is illustrated as a parallel-tuned 
other well-known trigger circuiis to provide these pulses. circuit, it should be obvious that a series-tuned circuit 

Additionally, suitable delay networks or differentiators may be substituted therefor. In this manner, the plurality 

may be incorporated in the various control means in ac- of tuned circuits 3C0. 302, 304 and 306, or a combination 

cordance with well-known tcchniqiucs to obtain desired of tuned circuits vzith one cr more antenna elements 
time sequencing between the operation of automatic gain 4.3 coupded thereto, provides a pick-up means selectively 
control, the clearing of the register means and the gating responsive to interrogator signals and operative to develop 
of the coding voltages. For exampfs, it may be desirable response-actuating signals. 

to fire the multivibrator ahead of full automatic gain The response-actuating signal developed by each tuned 
control operation to clear the repfstter prior to the receipt circuit may be impressed upon a distribution network 
of coding voltag« and therefore utSize the rate of change 30 312, having the form of a matrix and which includes 
of the automatic gain control difference voltage level means for rectifying the response-actuating signal to pro- 

lather than its quiescent level at full operation. vide a direct cutrent voltage which is the rcsponse-actuat- 

The description of FIG. 1 hereal»ve has been explana- >ng voltage. The primary function of distribution net- 

tory of one embodiment of the signalling system of this work 312 is to distribute nnd impress the various response- 

invention, whereby a binary code is set into a code regis- 35 actuating voll.ages developed by the frequency selective 
ter means when interrogator 100 caud responder 102 are pick-up elements co selected groups or combinations of 
at a selected mi.iimum distance from one another. The responder oscilfators chosen from a plurality of responder 
usefulness of the signalling system may be extended by oscillators designated respectively by reference characters 
providing a data link with each regirder means to transmit 314, 316, 31S and 320. There are actually q+l differ- 

thc binary number set into the ra^slcr means to some f,o cat responder osclilalors, q responder oscillator’s provide' 
centrally located agency so that the agency may be apprised q dirfei ent responder signals utilized for coding and one 
at iili times of the vr.riou3 in'ormsffon obtained. oscillator is utilized t* provide the automatic gam control 

If a binary number having r digits is required to provide responder signal. As explained hercbefore, each re- 

the necessary in.foimation with a signalling system of the sponJer cscilhtcr is operative to develop a responder 
type here described, a choice rcgandms the co.mplexity of 55 signal of a ditferent frequency, which frequencies are 
either unit may be made. As is immediately apparent, _ respectively der.ignated by the reference characters /i, fj, 
r=pq and consequently the smaller p or q, the lower ■will--—' /u and confornafty with the convention adopted iii 
be the comple.xity of either the feierrogator or the re- connection with the description of FIG. 1. Utilization 

sponder. For example, if r is equal to 30 so that of a frequency band extending between 410 and 650 

1,073,741,823 different responders may be uniquely iden- jq kiiocycics per second has performed very satisfactorily 
tified, p may take any of the fol'®»ng values; 2, 3, 5, 6, as long as none of ihc responder signal freauencies is 

10, 15 keeping in mind tb.at in the ricoalling system of this rciatcd'barinonicaliy lo another or the interrogator signal 

invention both p and .7 r.re inlcsers. If. the. signalling frequencies. *• , 

system is to be utilized with a very Cast moving system, a Rcfciring now to the operation of the responder, FIG^" 

sraan value of p is desirable. CmtJie other hand, a small 75 la, the receipt of an interrogator signal of frequency Fi 
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vu'JI set tuned circuit 300 into oscillatioa. The oscillations 
develop a response-actuntins signal across leads 308 and 
310. Lead 310 may be a common conductor which is 
Lied to one terminal of each of the responder oscillators 
314, 316, 318 and 320. Lead 308 is connected to the 
other terminal of responder oscillator 314 via diode X-1, 
to responder oscillator 316 via diode X~2, and responder 
oscillator 320 via diode X— 3. A set of filters such as 
C-1, C-2 and C-3 is connected across responder oscil- 
lators 314, 316 and 320 respectively, so t}>at the response- 
actuating signal is not only rectified bat also smoothed. 

As soon as an interrogator signal of frequency Fj is re- ' 
ceived, responder oscillators 314, 316 and 320 are ener- 
gised, each one developing a responder signal having 
the frequencies /j, /j and /, rcspectivefy. The combina- ]5 
tion of die responder signals having frequencies fi, /o and 
/q provide what has hcrebefore been designated a com- 
posite responder signal which is a simultaneous pulse 
Cjjded signal. This composite responder signal is asso- 
ciated with the intcrrog.atcr signal of frequency Fi since 20 
the laUer actuated the former. •• 

Similarly, tuned circuit 302 is connected by distribution 
network 312 via diodes X— 4 and X— 5 to responder oscil- 
lators 314 and 318. Upon the receipt of an interrogator 
signal of frequency F2, a composite responder signal-in- 
cluding responder signal of frequencies- /, and fs is de- 
veloped. Capacitor C— 4 provides the filtering action for 
the response actuating voltage powering response oscil- 
lator 318. Tuned circuit 304 is. connected by distribution 
network 312, which includes diodes X-6, X-7 and X-8 
to responder oscill.ators 316, 318 and 320. Upon receipt 
of an interrogator signal of frequency F3, the responder 
will provide a composite responder signal including re- 
sponder signals of frequencies /j, fs and /,. Tuned cir- 
cuit 306 is connected by distribution network 312 to re- 
sponder oscillators 314 and 318 via the diodes X-9 and 
X-10. Upon receipt of an interrogator signal of frequen- 


25 
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cy Fp, a composite responder signal, including the re- 
sponder signal of frequencies fi and /j is developed. 

^ Each of the composite responder signals represents a 
simultaneous pulse coded signal which is received and 
decoded by the interrogator receiver means of FIG. 1. 

Since the different interrogator signals, sequentially cou- 
pled to responder 102, actuate different composite re- 
sponder signals, the sequence of composite responder sig- 45 
nals is a succe. ,.ve pulse coded signal, each pulse of which 
is further simultaneous pulse coded. Upon receipt cf a 
sequence of composite responder signals artuated by a 
sequence of interrogator signals, the receiver described in 
conjunction with FIG. 1 will operate upon the individual 50 
responder signals and develop output quantities for setting 
the individual stages of the code register means. 

Each .simultaneous pulse coded signal is decoded by the 
interrogator filter means (filters 184, 185 and 188, FIG. 1) 
fo develop coding voltages. Further, each successive 65 
pulse coded signal (comprising the coding voltages) is 
gated so as to impress its individual output quantities, 
thatis its coding voltages, upon the stages of a difTerent 
register of the register means, FIG. 1. FIG. 2h illustrates 
a binary number which the responder shown in FIG. 2a 
would set into a code register means similar to the code 
register means of FIG I. Each register is associated with 
a different interrogator signal as the frequency designation 
(Fj, Fj, Fa and, Fp) pn top of a rectangle represc.nting 

Ihe code register .rignifies. Each responder signal is as- os ancs'of said sccandTnpurterm'inars'.*” 

sociated with a diiTcrcnt stage of the various recLstf'rs as 3. A * ■* * ■ ■ 

the frequency designation (/j, /j. /j, and /,) below the 
square representing the different stages signifies. 

FIG. 4 illustrates an embodiment of the responder sig- 
nal oscillator such as the one designated by reference char- 
acter 316 in FIG. 2a. A tank circuit including inductor 
400 and capacitor 402 have their respective hnrcdances 
selected to provide resonance at the responder sig.nal fre- 
quency /a- In addition to tank circuit the o'cillator 
also includes a NPN or a TNP transi-.tor 491, whoso col- 


lector clcctruJc is ronncctcd to one side of ta.nk circuit 
f 2 - The other side of lank circuit fj is connected to one 
terminal of .ah' inductor 406 and to the output terminal 
403. A parallel combin.alion of the resistor 410 and the 
capacitor 4J2 is inserted between the other terminal of 
inductor 406 and the base electrode of transistor 414. 
Filially the emitter electrode provides the second input- 
terminal 414 to the response signal oscillator. The cir- 
cuit hercabovc described is a transistorized version of 
the Harlle-y-t'ypc oscillator and is merely exemplary. Nu- 
merous differe.nt oscillators may be substituted therefor,' 
as for example those shown in chapter 140, “Handbook of 
Scmi-Coiiduclor Electronics,” Hunter, First Edition, 1956, 
McGraw-Hill, New York. 

The remaining code oscilIators-344-, 318 and 320 may 
be similar in construction to the code signal oscillators 
shown in FIG. 4 except that-cach has a different resonant 
frequency (different tank circuit) as iridicated by the / 
symbol in the' rectangle designating the oscillator. 

It has been found convenient in some applications to 
utilize the tank circuit comprising inductor 400 and capaci- 
tor 402, FIG. 4, as one of the transmit dements of the 
responder. What has been said in conjunction with, the 
tuned circuits 200, 302, 309 and 305, FIG. 2a, applies 
likewise to the tank circuits such as circuit /2. If it is 
desired to transfer the responder signals to the interro- 
gator by r. mode different than inductive coupling an an- 
tenna elenieni. may be coupled to the oscillator tank cir- 
cuit in the manner well kno-wn to those skilled in the art. 

There has been described a signalling system wherein 
an interrogator transfers its sequence of different interro- 
gator signals to a responder to actuate a response to each 
of the- interrogator signals. The responder piovides a 
simultaneous pulse coded signal to each of the interro- 
35 gator signals Including a maximum of q frequencies. Each 
of the q frequencies is utilized as a code digit or bit and 
may set the stages of a register. The sequence of interro- 
gator signals provides a successive pulse coded signal, 
each pulse of which may be api-Iied to a different register, 
each of which includes sufficient stages fo accommodate 
the q code digits. 

What is claimed is: 

1. A passive respo.ndcr compris.'ng: a plurality of pick- 
up elements, each pick-up element being selectively re- 
sponsive to an interrogator signal of a different frequency; 
a plurality of oscillator means, each oscillator means being 
operative to develop a responder signal of a further dif- 
ferent frequency when actuated, each of said pick-up ele- 
ments bci.ng operative to develop sufficient electrical en- 
ergy to actuate said oscillator means; and coupling means 
foi coupling selected ones of said pick-up elements to se- 
lected ones of said plurality of oscillator means. 

2. A passive responder comprising: a plurality of pick- 
up elements, each cf said pick-up elements being respon- 
sive to an interrogator signal of a different selected fre- 
quency and having first and second output terminals; a 
plurality of oscillator means, each oscillator means being 
operative to develop a responder signal of a further differ- 
ent frequency and having a first and a second input ter- 
minal; a common conductor t oupling said first output ter- 
minals to said first input terminals; a plurality of rectifying 
means for coupling selected ones of said second output 
terminals to selccied ones of said second input terminals; 
and fj.ter means coupled between said common conductor 


CO 


3. A passive responder comprising: a plurality of pick- 
up elements, each pick-Up element being sclecth'ely re- 
sponsive ir an interrogator signal of a diffe-ent frequency 
and operative Jo develop a response-actuating sigmal there- 
from, a plurality of oscillator means, each oscillator means 
bei.ng responsive fo a response-actuating voUace and oper- 
ative to develop a responder signal of a further different 
rrcqacncy; and a distribution network for ci.pling selected 
ones of said pick-up elements to selected ones of said os- 
cillator means, said distribution network including recti- 
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fier means responsive lo said response-actuating signals each simultaneous combination of responder signals be- 

and operative to develop said response-actuating voltages. in» provided by a difTcTent one of raid interrogator sig- 

4. Apparatus in accordance with claim 3. wherein each nais. said responder including a plurality of tuned cir- 

of said pick-up elements comprises a parallel-tuned cults each resonant at the frequency of a different inler- 

inductance-capacitance circuit resonant at the frequency 5 rogator signal, a plurality of circuit means, each circuit 
of a different one of said interrogator signals. means being coupled to a different tuned circuit and form- 

5. Apparatus in accordance with cla'm 3 wherein each ing a combination therewith which is operative to provide 

of said oscillator means includes a parallel-tuned a response-actuating voltage upon the receipt of an inler- 

inductance-capacilance circuit resonant at the frequency rogator signal which corresponds in frequency to the in- 
ct its associated responder signal. 10 dividual resonance frequency of said tuned circuit, and a 

6. A passive responder for developing a sequence of plurality of responder oscillator means coupled lo se- 

distinct simultaneous pulse coded signals characteristic Iccted ones of said combinations and powered solely by 

of its identity in response to and solely powered by a said response-actuating voltages, each of said responder 

successive pulse coded interrogator signal, each simul- oscillator iieans providing one of said responder signals, 

taneous pulse coded signal being associated with a dif- lo 10. An interrogator responder signalling system com- 
ferent pulse of said successive pulse coded signal and prising a plurality of interrogators and a plurality of 

all pulses being of a different frequency, said responder passive responders, said interrogators and responders be- 

comprising: a plurality of frequency selective pick-up ing capable of rcia'i’.e motion with respect to each other, 

dements, each pick-up dement being responsive to a- each interrogator i.icluding a means for generating a 
different frequency pulse of said successive pulse coded 20 cyclically repeating sequence of successive interrogator 
signal; a pUiraiity of responder signal oscillators, each signals of different frequencies, each responder including 
'of said oscillators being operative to develop a different means responsive to selected ones of said sequence of. 
pulse of said simultaneous pulse coded signal; and a pulse interrogaicr signals when said responder and an 
distribution network means including rectifiers and filters, interrogator move into spaced relation with each other, 
said distribution network means coupling selected ones 25 said responder including means for generating simul- 
of said pick-up elements to selected ones of said taneous pulse coded signals in response to the selected 

oscillators. ones of said sequence of pulsed interrogator signals, said 

7. A' passive responder for developing a sequence of interrogator further including a receiver means for rc; 

simultaneous pulse coded signals in response to and sole- cciving the simultaneous pulse coded signals from the 

ly powered by a sequence of pulsed interrogator signals 30 responder, said receiver means being operable to gen- 
differing in . frequency, each simultaneous pulse coded erate a separate output signal for each pulse of said 

signal being associated with a different one of said simultaneous puise coded signals. 

sequence of puFsed interrogator signals, said responder 11. An interrogator responder apparatus comprising 

comprising: a pick-up means including a plurality of fre- interrogator means and a passive responder relatively 

quency selective elements, each element being responsive 33 movable into spaced relation w'ilh respect to each other, 
■to a different one of said pulsed interrogator signals and said interrogator means including a plurality cf signal 

op-rativc to develop therefrom a response-actuating sig- oscillators operable to sequentially generate a correspond- 

nal; a plurality of responder signal oscillators, each os- ing plurality of pulsed interrogator signals of different 

cillator btitig responsive to a response-actuating voltage frequencies, said interrogatcr means further including a 

and operative to develop therefrom one of the pulses of cycling rneans operative to provide sequential cycling 

■said simultaneous puise coded signal; and a distribution piffscs, said responded being selectively responsive to 

network including rectifier means and filter means for said pulsed interrogator signals and being operable to 

converting said response-actuating signals to said generate selected simuli.aneous combinations of responder 

response-actuating voltages, said distribution network signals, each simultaneous combination of responder 

coupling selected ones of said frequency selective cle- 4.5 signals being associated with a selected one of the inter- 
ments to selccled ones of said responder signal oscilla-. rogator signals, said responder further including a se- 
tors, whereby each frequency selective element powcis ■ Iccted plurality of tuned circuits each resonant at the fre- 
selccted responder signal oscillators thereby providing qucncy of a corresponding one of the interrogator signals, 

one of said simultaneous pulse coded signals upon tiie a plurality of circuit means each coupled to each tuned 

reception of an associated interrogator signal. CO circuit and operable to generate a response actuating 

8. A passive responder comprising: a plurality of fre- voltage corresponding to a selected one of the received 

quency selecTTve-pick-up elements, each of said elements i.nicrrogator signals, said responder further including a 

being responsive to a different one of a plurality of in- plurality of responder oscillating means coupled to se- 

lerrogator signals differing in frequency, each pick-up Iccted ones of the responder actuating voltages and oper- 

clemont being operative to develop a response-actuating 55 able lo generate responder signals while being powered 
signal upon the receipt of an interrogator signal to which solely by the response actuating voltage, and said inter- 

st is responsive; a plurality of oscillator .means, each " rogator means further including a receiver responsive to 
■Oscillator means being operative to develop a responder the responder signals and operable to generate a separate 

signal of a further different frequency when a response- output signal corresponding to each of the received 

actuating signal is impressed thereon; and a passive dis- CO re'.ootfler signals. 

tribution network for impressing seTecied ones of said 12. A signalling system for idcntication of movable 

response-actuating signals upon selected pluraliti-:s of objects comprising a plurality of passive responders and 

sai'J os cillatorj neans. ■ at least one interrogator, said responders being relatively 

9. An in'errogator-responder apparatus comprising in . movable into spaced relation with the mterrocator and 

combination; interrogator mcaris operative to provide a 03 being identifiable when within a selected minimum dis- 
pliirality of pulsed interrogator signals cf different fre- tanee from the interrogator, said interroanter including 

quencies, said interrogator signal developing means in- means for generating a sequence of pulsed interrogator 

eluding a plurality of interrogator signal oscillators each signals differing in frequency from each other, said inter- 

responsive to a different cycling pulse and operative to rogator further including means for cvclically repeating 

provide thereupon one of said pulsed intccrogator signals, 70 the sequence of pulsed ^gnals, each responder including 
said interrogator signal developing means ah r including • means responsive to selected ones of said sequence of in- 
cyciing means operative to provide said different cycling lerrogatcr signals and further means for generating a se- 

■ pulses; and a passive responder selectively responsive to quence of composite responder signals corresponding to 
said pulsed interrogator sign.yls and operative to provide the sclcited ones of the interrogator signals, said respon- 
sclccted simultaneoits nombinations of responder signals, 75 Jer signals differing in frequency from each' other and 
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from the intcrrosnlor signals, said inlcrrcsntor further 
includin" a receiver means coupled to said interrosator 
signal generating means and sequentially responsive to said 
composite responder signals for developing a separate 
outjiut signal corresponding to each of the responder 5 
signals. 

13. A sign.nlling system in accordance with claim 12, 
wherein the interrogator further comprises a storage means- 
including a plurality of storage dements each associated 
w'ith a corresponding one-.of-the pulsed interrogator sig- 10 
ua's, each storage clement having a plurality of stages 
for passing a selected one of the responder signals, said 
interrogator further comprising a gating means respon- 
sive to said output signals and operable to sequentially 
couple the output signals to the corresponding one of 15 
the storage elements, 

14. A signalling system for identifying movable objects 
comprising a plurality of passive responders and at least 
one interrogator, said responders being relatively movable 
into spaced relation with the interrogator, said interro- 20 
gator including sequencing means for generating a cycli- 
cally repeating sequence of pulsed interrogator signals 

of diflcrent frequencies, said interrogator further includ- 
ing a primary induction means coupied to the interrogator 
signal generating means and excited by said pulsed in- 25 
lerrogator signals and operable to generate aitcrnaling 
'magnetic fields corresponding -to the frequency of the 
pulsed signals, each responder including a plurality of 
secondary induction means each sharply tuned to a se- 
lected one of the frequencies of the alternating magnetic SO 
fields of the interrogator primary induction means, each 
secondary induction means being magnetically coupied 
to said interrogator primary induction means when said 
responder .moves into spaced rel.ition with the interrogator 
acd being operable to generate a response actuating sig- S.5 
nal, each responder further inciuding a plurality of re- 
sponder oscillating means responsive to the response ac- 
tuating signal for generating a single frequency responder 
signal of a further; different frequency, each responder 
further including a responder primary induction means “^0 
coupled to the oscillator means for generating an alternat- 
ing magnetic field corresponding in frequency to the re- 
sponder signal,- each responder further including circuit 
means having rectifiers and filters for receiving said re- 
sponse actuating signals and for driving said oscillator 
means, said interrogator further including a secondary 
inductance means operable to be magnetically coupled 
with the responder primary inductance means for develop- 
ing a composite responder signal, said interrogator further 
including receiver means coupled to the interrogator sec- 
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ondary inductance means for generating a separate out- 
put signal corresponding with each of the selected re- 
sponder signals, said interrogator receiver means includ- 
ing 3 plurality of code registe.''s corresponding to the plu- 
rality of interrogator signals, each code register having 
a plurality of stages corresponding to the selected re- 
sponder signals and the output signals, said code registers 
being sequentially gated by said sequencing means where- 
by .the stages of the code register are selectively set by the 
output sig.nals derived from the composite responder 
signal, 

15. A signalling system in accordance with claim 14 
wherein the interrogator receiver means further com- 
prises synchronizing means for sequentially coupling the 
output signals from the receiver means to the code register 
corresponding with the selected inleirogator signal which 
actuates the output signal. 

16, A signalling system in accordance with claim 14 
wherein the interrogator further comprises me.ans for gen- 
erating a further pulsed interrogator signal of a frequency 
interposed between each of the other interrogator signals, 
and wherein each of the responders further comprises 
means selectively responsive to the further frequency and 
operable to generate therefrom a single responder signal 
of a still further frequency, said interrogator receiver 
means further including a control means coupled to re- 
ceive the single rc.sponder signal, said interrogator rcr 
ceiver means further including a dixTerence amplifier re- 
sponsively coupled to said control means and operable 
to generate an automatic gain control voltage indicative 
of the degree of coupling between the responder and the 
interrogator, said automatic gain control voltage being 
coupled to control the amplitude of the pulsed interro- 
gator signal. 
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SQUARE LAW TRANSMITl’ER- 
TRANSrONDER SYSTEM 

Winslow l’:iliiier, Aniityvllie, N.Y., .ossignor to Sperry 5 

Rand Corporaliou, Great Neck, N,Y., a corporation of 

IJelawarc 

Filed Oct. 7, 1963, Scr. No. 314,252 
5 Claims. (Cl. 343 — 6.5) 

The present invention generally relates to radio trans- 10 
ponder systems for ascertaining range or velocity or both 
and, more particularly, to a system of that type wherein 
specially amplitude modulated carrier waves are operated 
upon by a simple square law transponder to produce 
signals representing the range and velocity of the trans- 
ponder. 

Radio transponder systems utilizing continuous carrier 
wave transmissions may be advantageously employed to 
determine range and/or velocity over relatively great dis- 
tances. One exemplary instance is the tracking of long 
range missiles. A ground transmitting station emits an 
amplitude modulated continuous wave carrier signal to- 
ward a transponder carried by the missile being tracked. 
Several separate ground tracking stations receive the sig- 
nals returning from the missile transponder and measure 
the Doppler frequency shift of the carrier to obtain missile 
velocity information and measure the phase of the carrier 
modulation with respect to a reference timing signal to 
obtain mis.sile range information. 

Certain criteria must be satisfied in the design of the 
mhsile transponder equipment. Naturally, it is desirable 
that the transponder apparatus be simple, reliable, com- 
pact and require a minimum of power. It is also neces- 
sary that the signal returned by the transponder be easily 
distinguished at the tracking stations from the signal 
radiated by the transmitting station. It is convenient that 
the transponder shift the carrier frequency of the signal 
it receives from the transmitting station to facilitate the 
required signal identification. 

If a conventional amplitude modulated continuous wave 
carrier .signal is transmitted, the task of shifting the car- 
rier frequency without disturbing the modulation com- 
ponents ordinarily would require that the transmitted sig- 
nal be demodulated, the carrier component be shifted in 
frequency by a known amount, and the shifted frequency 
carrier be remodulated to produce the transponder reply. 

It is clear that resort to the foregoing prior art techniques 
would result in a relatively complicated arrangement 
and increase the possibility of frequency or phasing errors 
being introduced by the transponder. 

One object of the present invention is to provide a 
iran'mitter-transponder system utilizing amplitude modu- 
lated continuous wave carrier signals wherein the trans- 
ponder is characterized by simplicity, reliability, compact- gg 
ness and freedom from frequency or phase instability. 

Another object is to provide an amplitude modulated 
continuous wave transmitter-transponder system wherein 
the ir.'.i'.sponder is adapte d to s hift the carrier frequency of 
the tr.in'mitted signals without requiring demodulation „„ 
and without introducing phase distortions in the modula- 
lio.a co.mponenis. 

An additional object is to provide a simplified trans- 
ponder for directly producing an amplitude modulated 
.sien.il in response to a similar signal without requiring 
ilein&liii.iiion. 

.•\ ftiiiher object is to provide means for generating a 
specially amplitude modulated continuous wave signal 
which when operated upon by a simple device is shifted in 
c.irrier frequency but may be readily demodulated with- jq 
out phase error by conventional techniques. 

These and other objects of the present invention, as 


will appear from a reading of the following specification, 
are achieved in a preferred embodiment by the provision 
of a ground transmitter, a transponder and a ground 
tracking receiver. The transponder is carried by a vehicle, 
such as a missile, whose range and velocity are to be 
determined. The function of the transponder is to shift 
the. carrier frequency of the transmitted signal and trans- 
mit the shifted frequency signal to the tracking receiver. 
The transmitted signal comprises a continuous wave 
carrier amplitude modulated by signals representing the 
square root of a desired modulating function. The 
transpon^ is (^quipped with a square law device which 
doubles tile carrier frequency and squares the modulat- 
ing funefion^of the transmlUed signal yyithout. altering 
the phase of the -modulating function. Thus, the 
transponded signal is a continuous wave carrier signal 
amplitude modulated directly in accordance with the de- 
sired modulation function. The tracking receiver deter- 
mines the range and velocity of the transponder-missile 
by making measurements on the modulation and carrier 
components, respectively, of the transponder signal. 

For a more complete understanding of the present in- 
vention, reference should be had to the following specifica- 
tion and to the sole figure which is a simplified block dia- 
gram of a typical embodiment. 

Referring to the sole figure, the reference numerals 1, 
2 and 3 generally represent, respectively, the ground trans- 
mitting station, the vehicle-borne transponder and the 
ground tracking station of a typical system for measuring 
the position and velocity of the transponder vehicle. In 
the ground transmitting station, oscillator 4 produces a 
timing signal at a frequency intermediate the carrier fre- 
quency transmitted by the station and the modulation sig- 
nals which amplitude modulate the carrier. The signal 
from oscillator 4 is applied to frequency multiplier 5 and 
to frequency divider 6. The frequency divided signal at 
the output of divider 6 is further reduced in frequency 
by cascaded frequency dividers 7 and 8 to provide on 
lines 9, 10 and 11 three harmonically related signals. In 
one illustrative case, each of dividers 6, 7 and 8 divides 
its respective input signal frequency by a factor of five. 
The three harmonically related signals are additively com- 
bined in summing circuit 12 and are applied to a first input 
of subtraction circuit 13. 

Circuit 13 is one element of a closed signal loop com- 
prising circuit 13, amplifier 14 and ring modulator 15. 
The output signal generated by the closed loop is applied 
by line 16 to amplitude modulator 17 which also receives 
the frequency multiplied signal at the output of multiplier 
5. The desired amplitude modulating function which is 
to be recovered at the ground tracking station 3 appears 
on line 18 at the output of summing circuit 12. The 
signal generated on line 16 actually represents the square 
root of the modulating function represented by the signals 
on line 18. Thus, the signal at the output of multiplier 5 
is amplitude modulated in amplitude modulator 17 in 
accordance with the square root of the desired modulating 
function. The amplitude modulated signal is amplified in 
transmitter 19 and radiated via antenna 20 toward trans- 
ponder 2. 

As is well understood in the art, a ring modulator is a 
device receiving two input signals and producing one out- 
put signal representing the instantaneous product of the 
two input signals. If the same signal E(/) is applied to 
both inputs as is the case with ring modulator 15, then 
the ring modulator output signal represents the square of 
the input function Inasmuch as the output of 

amplifier 14 is equal to its input multiplied by amplifier 
gain A, and the input to amplifier 14 is the difference be- 
tween the desired modulated function M(t) and the 
squared output function the closed loop comprising 
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I circuit 13, amplifier 14 and ring modulator 15 most sat- 
isfy the relationship 

Rearranging the terms yields: 

As the gain A of amplifier 14 is made large, the quantity 

E(t) 

A 

becomes negligible and the closed loop output on line 
16 approaches the s quare root of the input on line 18, 
i.e., E{t)—±y/M{t). In other words, the closed loop 
circuit produces a wave whose instantaneous amplitude 
is the square root of the desired modulating function 
M(/). In order to avoid the possibility of a negative 
square root, it is only necessary that the desired modu- 
lating function M(r) include, in addition to the three har- 
monically related signals on lines 9, 10 and 11, a constant 
signal of such magnitude that the total of the constant 
signal and the harmonically related alternating signals 
never assumes a negative value. The constant signal is 
provided by direct current source 34. 

The signal transmitted by antenna 20 may be repre- 
sented by the expression VM(r) cos W^t. The trans- 
mitted signal is received by antenna 21, amplified in R.F. 
amplifier 22 and operated upon by squaring circuit 23. 
Squaring cir cuit 23 is a nonlin^r element v/hose output 
can bcT^presented by h, poweFseries of the form 

Eout=^?o+niei-|-a2eiHfl3ei^± . . . 

^ where 

ei=M(r) cos W^t 

The contribution to the total output by the secon d ord er 
ter m is o f the form « 2 M(t)(Vi-f 14 cos 2Ii'oO- Other 
order terms of the power series may be generated but if 
the non-linear clement is predominantly square law, the 
cratributions by the higher order terms are not significant. 
A suitable non-linear element is a full wave rectifier hav- 
ing diode elements operated within the parabolic curva- 
ture region of their transfer characteristics. By inspec- 
tion of the second order term, it will be observed that 
the process of squaring the receiyed signal produces an 
output signal having a carrier frequency twice that of the 
received signal amplitude modulated by a function which 
is the square of the function modulating the received sig- 
nal. It should also bo noted that no phase error terms 
are introduced in the squaring process so that the phase 
of the modulation components of the transponder signal 
may be relied upon for range data. Therefore, the sim- 
plicity of the transponder apparatus is not detracted from 
by the introduction of spurious modulation components 
that would interfere with the intended purposes of the 
transmitter-transponder range-velocity measuring system. 
The second order ternt of interest at the output of squar- 
ing circuit 23 is extracted by filter 24, amplified by ampli- 
fier 25 and radiated by antenna 26 toward ground ranging 
receiver 3. 

In order to determine the position of the transponder 
vehicle in space, the signal transmitted from the trans- 
ponder vehicle is received at several widely separated 
ground ranging stations typified by station 3 where the 
lime of arrival of the transponder signal is measured with 
respect to a timing reference signal received fronr the 
giound transmitter 1. The timing reference signal con- 
'enicntly may be derived from the output of divider 8 and 
P’rlse modulate a carrier wave within transmitter 
pulse modulated reference signal is radiated via 
toward tracking station 3. The reference 
10 i" hy antenna 29, demodulated by receiver 

applied to a first input of intervalometer 31. The 
ipondcd signal is received by antenna 32, demodu- 


lated by receiver 33 and applied to the other input of 
intervalometer 31. The function of intervalometer 31 
is to measure accurately the phase or time difference be- 
tween the reference signal received from the ground track- 
g ing station and the data signal received from the missile- 
transponder. Said phase difference is a function of the 
difference between the path lengths traversed by the ref- 
erence signal and the data signal. It is to bo noted that 
the data signal path includes the distance between the 
jQ ground transmitting station and the transponder-vehicle 
as well as the distance between the transponder-vehicle 
and the ground tracking station. Inasmuch as the dis- 
tance between the ground transmitting station and the 
ground tracking station is known, the distance of the mis- 
15 sile-transponder from the ground tracking station can be 
computed readily. 

As discussed previously, the data signal transmitted 
by the transponder is a continuous wave carrier signal 
amplitude modulated by a plurality of harmonically re- 
20 lated modulating signals. Three modulating signals are 
shown in the disclosed embodiment by way of example. 
The frequency of the lowest frequency modulating signal 
is equal to the repetition rate of the pulse modulated 
reference signal radiated via antenna 28 because both the 
25 pulse modulating signals and said lowest frequency mod- 
ulating signal -arc derived from the output of the same 
frequency divider 8. Tracking signal receiver 33 demod- 
ulates the signal received from the transponder to produce 
a pulsed output signal for application to intervalometer 31 , 
30 having a recurrence rate equal to that of the lowest fre- 
quency modulating signal and having all of the timing 
precision of the high frequency carrier component of the 
received signal. A receiver suitable for use as tracking 
receiver 33 is disclosed in patent application S.N. 188,122 
35 entitled “Timing Signal Receiver,” filed on April 17, 1962, 
in the name of the present inventor and assigned to the 
present assignee, now Patent No. 3,117,280, issued lan- 
uary 7, 1964. Intervalometer 31 may be any conven- 
tional pulse time difference measuring device such as pro- 
40 vided in a standard loran receiver. 

In order to determine the speed of the transponder- 
vehicle relative to the ground stations it is only necessary 
to measure the frequency of the carrier of the data signal 
received from the transponder. The frequency shift of 
45 the received data signal carrier from the known carrier 
frequency of the signal transmitted by station 1 is a direct 
measure of missile speed in accordance with well-known 
Doppler principles. Any conventional Doppler signal 
determining instrument may be employed to measure the 
50 aforesaid frequency shift. 

While the invention has been described in its preferred 
embodiments, it is understood that the words which have 
been used are words of description rather than of limita- 
tion and that changes within the purview of the appended 
55 claims may be made without departing from the true scope 
and spirit of the invention in its broader aspects. 

What is claimed is: 

1. A system comprising a transmitter and a trans- 
ponder; 

GO said transmitter comprising 
a source of carrier signal, 
a source of aniphtude modulating signal, 
means coupled to receive said modulating signal for 
producing an output signal having an instanta- 
G5 noous amplitude representing the square root of 

said modulating signal, 

amplitude modulating means coupled to receive said 
carrier signal and said output signal, said output 
signal amplitude modulating said carrier signal, 

70 and means for transmitting the amplitude modulated 
carrier signal; 

said transponder comprising 

means for receiving said amplitude modulated car- 
rier signal, 

75 a non-linear element coupled to the cutout of said 
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receiving means for generating a signal having a 
component at twice the carrier frequency of the 
received signal, 

filter moans for extracting said component, 

and means for transmitting the extracted component. 

2. A system as claimed in claim 1 wherein said non- 
linear element has a substantially square law signal trans- 
fer char.acteristic. 

3, A system comprising a transmitter and a trans- 
ponder; 

said transmitter comprising 
a source of carrier signal, 
a source of amplitude modulating signal, 
said modulating signal having an instantaneous am- 
plitude representing the square root of a desired 
modulating function, 

amplitude modulating means coupled to receive said 
modulati.ng signal and said carrier signal, said mod- 
ulating signal amplitude modulating said carrier 
signal, 

and means for transmitting the amplitude modulated 
carrier signal; 

said tr.ansponder comprising 

means for receiving said amplitude modulated car- 
rier signal, 

a non-linear element coupled to the output of said 
receiving means for generating a signal having a 
component at twice the carrier frequency of the 
received signal, 

filter means for extracting said component, 

and means for transmitting the extraeted component. 


6 

4. A system comprising 

means for generating an amplitude modulated car- 
rier signal, 

the envelope of said carrier signal representing the 
5 square root of a desired modulating function, 

means including a non-linear element adapted to re- 
ceive said amplitude modulated carrier signal for 
producing a signal component having a carrier fre- 
quency twice that of the received signal and an en- 
jO velope directly representing the modulating function, 
and filler means for extracting said signal component. 

5. Signal generating means comprising 
a source of carrier signal, 

a source of amplitude modulating signal, 

15 means coupled to receive said modulating signal and 
producing an output signal having an instantaneous 
amplitude representing the square root of said mod- 
ulating signal, 

and amplitude modulating means coupled to receive 
20 said carrier signal and said output signal, said output 
signal amplitude modulating said carrier signal. 
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